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Abstract 
The interactions “bacterial cells – bacteriophages”, “bacterial cells – antibodies” and “bacterial cells – mini- antibodies” directly 
in liquid phase were experimentally investigated with a help of acoustic sensor. The acoustic sensor under study represents two-
channel delay line based on the plate of Y-X lithium niobate. One channel of delay line was electrically shorted, the second 
channel was electrically open. The liquid container was glued on plate surface between transducers of delay line. The 
dependencies of the change in phase and insertion loss on concentration of bacteriophages, antibodies, and mini- antibodies were 
obtained for both channels of delay line. 
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1. Introduction 
 
At present there exists a need for electronic devices for carrying out the multiparameter express analysis of 
biological liquids of small volume, solving the problem of detection of bacterial cells and registering their interaction 
with bacteriophages, mini-antibodies, and antibodies. Today a fair amount of acoustical sensors Andle and Vetelino 
[1], Ballantine et al. [2] based on various types of acoustic waves are widely used in biology. Among them the 
sensors using lateral electric field excited piezoelectric resonators, which allow to perform the express analysis of 
cells directly in liquid phase without any active layers, are most popular (Zaitsev et al. [3], Guliy et al. [4, 5]).  
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However it is well known that acoustic waves in thin piezoelectric plates as compared with wavelength have the 
higher electromechanical coupling coefficient Kuznetsova et al. [6] and gravimetric sensitivity Joshi et al. [7] in 
comparison with surface acoustic waves. This leads to the stronger influence of contacting liquid on wave 
parameters and more their sensitivity to the change of liquid parameters Zaitsev et al. [8]. This data opens the 
possibility of the development of biological sensors for detection of bacterial cells directly in liquid phase by using 
acoustic waves in thin piezoelectric plates. The present paper is devoted to the description of the biological sensor 
based on the shear-horizontal acoustic wave propagating in thin plate of lithium niobate and investigation of its 
possibilities for registration the specific interactions “bacterial cells – bacteriophages,” “bacterial cells – antibodies,” 
and “bacterial cells – mini-antibodies” directly in liquid phase. 
 
2. The description of the acoustical sensor and method of the experiment 
 
The acoustic sensor under study represents two-channel delay line based on the plate of Y-X lithium niobate with 
thickness of 0.2 mm. Two pairs of interdigital transducers (IDT) with period of 1.2 mm and aperture of 8 mm for 
excitation and reception of acoustic waves in each channel were deposited by using photolithography. One channel 
of delay line was electrically shorted by thin film of aluminum deposited on the space between IDTs. The second 
channel was electrically open. With the help of the special glue the liquid container was glued on plate surface 
between transducers without appreciable increasing insertion loss of delay line.  
By using the developed acoustical biological sensor we experimentally investigated the specific interactions 
“bacterial cells – bacteriophages,” “bacterial cells – antibodies,” and “bacterial cells – mini-antibodies” directly in 
liquid phase. The input and output of the sensor were connected with 4 ports of the meter of S-parameters (E5071C, 
Agilent) in the regime of measuring the phase and insertion loss of parameters S12 and S34. At first the frequency 
dependencies of the phase and insertion loss of the sensor without suspension were measured in the range 2 – 4 
MHz. It was found that insertion loss did not exceed 24 dB and the frequency dependence of phase was linear. Then 
meter was switched in time regime on fixed frequency 3.3 MHz (minimum of loss) and container was filled by 
suspension of cells with the concentration of 106 cell/ml. At the end of time interval which was enough for 
stabilization of output phase and amplitude (about 10 min) the first portion of bacteriophages or antibodies with 
certain concentration was added in suspension. Phase and amplitude of output signals changed and in some time 
period (about 10 min) their values achieved the stable level. After corresponding measurement the liquid container 
was released from suspension and new portion of cell suspension with the initial concentration was put in container. 
After that the procedure was repeated with other concentrations of bacteriophages or antibodies. As a result the 
dependencies of the change in phase and insertion loss on concentration of bacteriophages, antibodies, and mini-
antibodies were obtained for both channels of delay line. In the course of experiments we have studied the following 
types of specific interactions: Escherichia coli XL-1 with the bacteriophage M13K07, Azospirillum brasilense 
Sp245 with phage mini-antibody, Azospirillum lipoferum Sp59b with polyclonal antibody. 
 
2.1. Monitoring of the interaction of E. coli XL-1 cells with the phage M13K07 
 
Figure 1 demonstrates the changes of insertion loss (a) and phase (b) of output signal of electrically open (curve 
1) and electrically shorted (curve 2) channels of delay line for specific interaction “E. coli XL-1 cells - the phage 
M13K07” as function of the phage concentration. The time interval which was enough for stabilization of the 
process was equal 10 min.  
One can see that pointed dependencies of the change in phase and insertion loss have maximum values at 10 and 
15 bacteriophages per cell for electrically open and electrically shorted channels, respectively. It is also seen that 
aforementioned changes for the electrically open channel of delay line significantly exceed the same parameters for 
electrically shorted channel. This proves that specific interaction “E. coli XL-1 - phage M13K07” leads to the 
significant change in electrical conductivity of suspension. 
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Fig. 1. The changes in insertion loss (a) and phase (b) of output signal of electrically open (curve 1) and electrically shorted (curve 2) channels of 
delay line for specific interaction “E. coli XL-1 cells- the phage M13K07” as function of the phage concentration 
 
2.2. Monitoring of the interaction of Azospirillum lipoferum Sp59b cells with polyclonal antibodies 
 
Figure 2 shows the changes of insertion loss (a) and phase (b) of output signal of electrically open (curve 1) and 
electrically shorted (curve 2) channels of delay line for specific interaction A. lipoferum Sp59b cells with polyclonal 
antibodies as function of the antibody concentration. The time interval which was enough for stabilization of the 
process was equal as previously 10 min. 
 
 
 
 
 
 
 
 
Fig. 2. The changes of insertion loss (a) and phase (b) of output signal of electrically open (curve 1) and electrically shorted (curve 2)  
channels of delay line for specific interaction of A. lipoferum Sp59b cells with polyclonal antibodies as function of the antibody concentration. 
 
One can see that insertion loss monotonically increases with increase of antibody concentration for electrically 
open channel of delay line. For this channel the phase also monotonically changes and tends to some saturation. For 
electrically shorted channel both dependencies have the local maximum at concentration of antibodies 1.6 ȝg/ml. As 
well as in previous case the changes in insertion loss and phase for electrically open channel of delay line are 
significantly more than ones for electrically shorted channel. This means that specific interaction A. lipoferum Sp59b 
cells with antibodies also leads to the significant change in electrical conductivity of suspension. 
 
2.3. Monitoring of the interaction of Azospirillum brasilense Sp245 cells with mini-antibodies 
 
Fifure 3 presents the changes of insertion loss (a) and phase (b) of output signal of electrically open (curve 1) and 
electrically shorted (curve 2) channels of delay line for specific interaction of A. brasilense Sp245 cells with mini-
antibodies as function of the mini- antibody concentration. The time intervals of stabilization of the processes were 
equal as previously 10 min.  
 
 
 
 
 
 
 
 
Fig. 3. The changes of insertion loss (a) and phase (b) of output signal of electrically open (curve 1) and electrically shorted (curve 2) channels of 
delay line for specific interaction of  A. brasilense Sp245 cells with mini- antibodies as function of the mini-antibody concentration. 
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This figure shows that for electrically open channel of delay line the presented dependencies of changes in 
insertion loss and phase have local minimum and maximum, respectively, for concentration of mini- antibodies 40 
phagemids per cell. For electrically shorted channel both dependencies have insignificant extremes at the 
concentration of mini-antibodies 40 phagemids per cell. As well as in previous cases the changes in phase and 
insertion loss for electrical open channel are significantly more than ones for electrically shorted channel. 
Consequently the specific interaction A. brasilense Sp245 cells with mini- antibodies also leads to the increase of 
electrical conductivity of suspension. 
 
Conclusions.  
 
As a whole the conducted experiments with biological sensor using shear-horizontal acoustic wave in thin plate 
of lithium niobate confirmed the possibility of bacterial cell detection in liquid phase by registration of specific 
interactions: Escherichia coli XL-1 cells with the bacteriophage M13K07, Azospirillum brasilense Sp245 cells with 
mini- antibodies, and Azospirillum lipoferum Sp59b cells with polyclonal antibodies. It has been found that most 
changes of insertion loss and phase of output signal were observed for electrically open channel of delay line in 
comparison with electrically shorted channel. This allowed to make the conclusion that specific interaction in all 
cases leads to the increase of electrical conductivity of suspension. The obtained results allow to choose the optimal 
values of the concentration of bacteriophages, antibodies, and mini- antibodies for analysis of cell suspension. These 
concentrations are equal 5 - 10 phages per cell (for bacteriophages), 0.4 – 1.6 ȝg/ml (for antibodies), and 20 - 40 
phagemids per cell (for mini- antibodies). 
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